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Abstract
In this paper, comprehensive cases are visualized by {C1, C2, C3, C4} four modules of the MAS. Four sets of
SARS-CoV-2 genomes with 20, 128, 381 and 1337 cases were processed to be represented as a series of
genomic index maps in four entropies: combinatorial, integrated, mean and topological entropies,
respectively. Typical samples and explanations are described. Multiple levels of hierarchical
representations are illustrated.

Introduction
Genomic Index for SARS-CoV-2 Genomes

The genomic index provides unique identi�cation for each genome to be invari- ant under given conditions.
Based on these types of global quantitative charac- teristics, it is convenient for huge numbers of genomes
to be located in a certain geometric region to be collected as clusters. Four papers in this special issue dis-
cuss this type of entropy quantity in separate papers: “Visualizations of Topological Entropy on SARS-CoV-
2 Genomes in Multiple Regions”, “2D Graphical Analy- sis and Visualization of SARS-CoV-2”, “Cluster
Analysis of Visual Differences on Pairs of SARS-CoV-2 Genomes”, “Visualizations of Combinatorial
Entropy Index on Whole SARS-CoV-2 Genomes”.

Considering this is an extremely important research direction, it is necessary to handle this topic from a
foundation level to provide additional information to ex- plore hidden structures among this type of
multiple levels of hierarchical construc- tions from an integrated viewpoint [3]-[9].

Useful Visualizations

In the advanced �ghting �elds of COVID-19, various visualization schemes and in- teresting structures are
widely illustrated in research papers and public websites. i.e. The well-known John Hopkins website for
COVID-19, the newest genomes from GISAID viral databases and dynamic Phylogeny tree on Nextstrain
attracted atten- tion from people worldwide for the newest progress and development on COVID-19
spreading situations. In relation to medical practices, intrinsic information of func- tional genomes
provides re�ned differences for medical doctors and general prac- ticers to handle complicated viral
toxicities, toxicology, pharmacology and so on. A research routine on viral toxicology is shown in Fig. 1.
More than 270-fold tox- icities were identi�ed among different SARS-CoV-2 genomes collected in various
regions.

Brief Relationship between Phylogeny Trees and Genomic Index Maps

From a quantitative similarity viewpoint, the relationship is contained in phyloge- netic structures
corresponding to density distributions represented in genomic index maps shown in Fig. 2. Based on this
type of correspondence, a list of transforma- tions will be performed to show more complicated similarity
information among various genomic index maps in the following parts.
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Materials And Methods
Main Schemes in Processes 

Following the architecture of the MAS, �fteen modules, input-output types and work�ows are discussed in
both papers: “A Visual Framework of Meta Genomic Analysis on Variations of Whole SARS-CoV-2
Sequences” and “Input-Output Types of Fifteen Modules on Discrete and Real Measurements for COVID-
19”. Data �ows, multiple and conditional probability measures, and key entropy equations are listed.

Speci�c processes are brie�y discussed in the four separate papers on this issue.

All three projections: the {A, B, C} groups of the MAS are involved.

Datasets

All datasets used in this special issue from various open source genomic banks such as CNGBdb: Virus
Database & SARS-CoV-2 Database; Database Commons; NCBI GenBank SARS-CoV-2-seqs and GISAID +
GitHub + Nextstrain et al. More than two thousand whole sequences of SARS-CoV-2 over 200 countries
have been col- lected mainly from the NCBI and GISAID site under the Nextstrain project from January to
March 2020.

In addition, a set of coronaviruses, H1N1 virus, Bats & Pangolins, MERS, Ebola, SARS and other sequences
were collected as samples for comparisons. One simi- larity comparison is shown in Fig. 3.

Three special datasets are collected to be contained in 128, 381 and 1337 samples of SARS-CoV-2 from
multiple regions worldwide to illustrate speci�c effects under different combinatorial and other
complicated conditions.

Results And Discussion
Visual Results 

Sample Results

 For 381 samples, the C1 genomic index maps are shown in Fig. 6 to Fig. 16 to illustrate complicated
regions and various countries under different selected condi- tions, distinct combinations and projections.A
list of sample results on various modules {C1, C2, C3, C4} are selected for illustrations as follows. Four
datasets of SARS-CoV-2 genomes are involved: 20 (G20), 128, 381 and 1337. Genomic index maps for
(C3,C2) are shown in Figs. 4 and 5 to illustrate variations in genomic index maps from the G20 to 128
genomes, respectively.

For 1331 genomes, the C4 genomic index maps are illustrated in Fig. 17 to  Fig. 20. Five and eight
countries are selected for comparisons under topological entropies.
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It is convenient to check each set of genomic index maps to observe speci�c distributions and typical
structures for COVID-19 patients worldwide. 

Discussion

Three sets of genomic index maps consistently provide huge invaluable informa- tion to be extracted from
different sizes of SARS-CoV-2 genomes worldwide under unique quantitative invariants.

G20 and 128 Genomes on C2 and C3 Genomic Index

In Fig. 4, the �rst set of 20 samples is selected from the G20 regions to be repre- sented in the (C3,C2)
genomic index maps. The leftside map is shown in the G20 samples under k-mer conditions with multiple
uncertainties for each sample, and the leftside map is shown in a much clearer map with distinct positions
for each region by integrated mean operations. Gradually adding more genomes increased to 62 and 128,
leftside maps were shown in similar clustering patterns, and 128 maps showed stronger clusters there. The
integrated map is shown in more sample points, espe- cially clustered around left-bottom parts in the map.
Basic distributions between 62 and 128 were similar in shape. Two integrated maps are shown in Fig. 5,
and there are signi�cant differences between G20 and 128.

381 Genomes on C1 Genomic Index 

Fig. 6 to Fig. 16 provide a large number of different combinations and projections for the C1 genomic index
maps. Under 2D-(A,G) projection, six 2D maps are shown in Fig. 6 to represent two integrated maps for four
countries and re�ned regions.

In Fig. 7, both 1D-A and 1D-P projections are illustrated, leftsides on 1D-A and rightsides on 1D-G.
Signi�cant differences can be identi�ed.

In Fig. 8, one 2D-(A,G) map and two 1D-A/1D-G projections are illustrated. There are clustering numbers
associated with the relevant entropy value correspond- ing to whole distributions under conditions. In Fig.
9, the same maps as in Fig. 8 are arranged by their X and Y projections for convenient visual comparison,
with the vertical distribution Y organized in horizontal directions as the same as the distribu- tions in the X
directions.

In Fig. 10, both 2D-(A,G) and 1D-A maps provided for four counties, and each country was associated with
a 1D-A map. In Fig. 11, both 2D-(A,G) and 1D-G maps provided for four counties, and each country was
associated with a 1D-G map.

In Fig 12, one 2D-(A,G) USA, three regions in the USA(CA, NY and WA) and three regions in China (WH, SH
and HZ) were selected to show each 1D-A map. In Fig 13, one 2D-(A,G) USA, three regions in the USA (CA,
NY and WA) and three regions in China (WH, SH and HZ) were selected to show each 1D-G map.

In Fig. 14, one 2D-(A,G) China, three regions in China (WH, SH and HZ) and three regions in the USA (CA, NY
and WA) were selected to show each 1D-A map. In Fig. 15, one 2D-(A,G) China, three regions in China (WH,
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SH and HZ) and three regions in the USA(CA, NY and WA) were selected to show each 1D-G map.

In Fig. 16, four countries and their regions were put together in one page for convenience in direct visual
comparisons. 

1337 Genomes on C1 and C4 Genomic Index

Both C1 and C4 were used to process 1337 from Fig. 17 to Fig. 20 for four and eight countries, respectively.

In Fig. 17 on C1, one 2D map of all countries and �ve countries, the USA, China, Australia, Italy and France,
were selected to show each 1D map. In Fig. 18 on C1, 2D and 1D maps of all countries and eight countries,
the USA, China, Australia, Italy, Belgium, Brazil, Canada and Japan, were selected to show each 1D map.

In Fig. 19 on C4, eight countries and two countries, the USA and China were selected to show each 1D
projection of various countries and regions for topolog- ical entropies, respectively. In Fig. 20 on C4, three
countries, Australia, Italy and France, were selected to show each 1D projection of various regions for
topological entropies.

Conclusion
Based on the corresponding relationship between phylogenetic trees and genomic index maps, four
datasets of 20, 128, 381 and 1337 genomes for SARS-CoV-2 worldwide were used {C1, C2, C3, C4} .

It is interesting to see various clustering properties visualized on various genomic index maps to support
further explorations for COVID-19 patients.

Genomic index schemes provide unique global invariants for genomes in general. Future activities will help
people understand deeper mysteries in RNA viruses under complicated real-world environments.
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Figure 1

Key steps of phylogeny used in viral toxicologic tests for COVIP-19 patients from [1]
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Figure 2

Phylogeny tree and density distributions of various genomic index maps

Figure 3



Page 9/25

Main steps of multiple coronaviruses on similarity networks [2]

Figure 4

(C3,C2): 128 genomes on 2D (Mean, Integrated) Genomic Index maps
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Figure 5

(C3,C2): Genomes from G20 to 128 Samples on 2D (Mean, Integrated) Genomic Index Maps; (a) G20; (b)
128 Genomes
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Figure 6

C1: 2D-(A,G) maps, four countries, Australia, Belgium, China, and USA; (a) 2D four coun- tries, (b) four
countries of regions, (c) China, (d) USA, (e) Belgium, (f) Australia
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Figure 7

C1: 381 SARS-CoV-2 genomes of four countries in 1D projections of combinatorial ge- nomic index maps;
left 1D-A; right 1D-G
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Figure 8

C1: 381 SARS-CoV-2 genomes on 2D combinatorial genomic index maps and two 1D projections
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Figure 9

C1: 2D-(A,G) and 1D maps, four countries, Australia, Belgium, China, and USA; (a) 2D- (A,G); (b) 1D-A X axis;
(c) 1D-G Y axis
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Figure 10

C1: 2D-(A,G) & 1D-A maps, four countries, Australia, Belgium, China, and USA; (a) 2D four countries, (b) 1D-
A four countries, (c) China, (d) USA, (e) Belgium, (f) Australia
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Figure 11

C1:2D-(A,G) and 1D-G maps, four countries, Australia, Belgium, China, and USA; (a) 2D four countries, (b)
1D-A four countries, (c) China, (d) USA, (e) Belgium, (f) Australia



Page 17/25

Figure 12

C1: 2D-(A,G) & 1D-A maps, three regions in the USA (CA, NY, WA); Three Regions in China (WH, SH, HZ); (a)
2D-(A,G), USA, (b) 1D-A USA, (c) CA USA, (d) NY USA, (e) WA USA (f) WH China (g) SH China (h) HZ China
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Figure 13

C1: 2D-(A,G) and 1D-G maps, three regions in the USA (CA, NY, WA); Three Regions in China (WH, SH, HZ);
(a) 2D-(A,G) USA, (b) 1D-A USA, (c) CA USA, (d) NY USA, (e) WA USA (f) WH China (g) SH China (h) HZ
China
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Figure 14

C1: 1D-A maps, three regions in China (HZ, SH, WH); three regions in the USA (CA, NY, WA); (a) 2D China, (b)
1D-A HZ China, (c) SH China, (d) WH China, (e) HZ China, (f) CA USA, (g) NY USA (h) WA USA
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Figure 15

C1: 1D-G Maps, Three Regions in China: HZ, SH, WH; Three Regions in USA: NY, WA; (a) 2D China, (b) HZ
China, (c) SH China, (d) WH China, (e) HZ China, (f) CA USA, (g) NY USA (h) WA USA
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Figure 16

C1: 381 SARS-CoV-2 genomes of four countries on various regions in 2D and 1D projections of
combinatorial genomic index maps
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Figure 17

C4: 1337 genomes on 2D genomic index maps in topological entropies
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Figure 18

C4: 1337 genomes on topological entropies in 2D and 1D genomic index maps
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Figure 19

C4: 1337 genomes on topological entropies in the USA and China on 1D projections of genomic index
maps
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Figure 20

C4: 1337 genomes on topological entropies in Australia, Italy, and France on 1D projec- tions of genomic
index maps


